We present a detailed analysis of the intergalactic metal-line absorption systems in the archival HST /STIS and FUSE ultraviolet spectra of the low-redshift quasar PKS1302-102 (z QSO = 0.2784). We supplement the archive data with CLOUDY ionization models and a survey of galaxies in the quasar field. There are 15 strong Lyα absorbers with column densities log N HI > 14. Of these, six are associated with at least C III λ977 absorption (log N(C ++ ) > 13); this implies a redshift density dN CIII /dz = 36 +13 −9 (68% confidence limits) for the five detections with rest equivalent width W r > 50 mÅ. Two systems show O VI λλ1031, 1037 absorption in addition to C III (log N(O +5 ) > 14). One is a partial Lyman limit system (log N HI = 17) with associated C III, O VI, and Si III λ1206 absorption. There are three tentative O VI systems that do not have C III detected. For one O VI doublet with both lines detected at 3σ with W r > 50 mÅ, dN OVI /dz = 7 +9 −4 . We also search for O VI doublets without Lyα absorption but identify none. From CLOUDY modeling, these metal-line systems have metallicities spanning the range −4
INTRODUCTION
The baryonic content of the Universe is well constrained by Big Bang nucleosynthesis models, the cosmic microwave background, and the high-redshift Lyman-α forest (e.g., O'Meara et al. 2006; Spergel et al. 2006 ). However, surveys of the nearby Universe reveal a dearth of baryons in stars, galaxies, and clusters (Fukugita & Peebles 2004) . Recent cosmological simulations have placed the most likely reservoir of baryons at low redshift in moderately overdense, collisionally-ionized gas, called the warm-hot intergalactic medium (WHIM; Davé et al. 2001; Fang & Bryan 2001; Cen et al. 2001) . With temperatures in the range 10 5 -10 7 K, the most sensitive tracer with current observational facilities is the O VI doublet λλ1031, 1037Å, which dominates collisionallyionized gas at T ≈ 3 × 10 5 K, as discussed below. The O VI doublet is a valuable absorption feature observationally because it has a characteristic separation and rest equivalent width (W r ) ratio for unsaturated features (2 : 1 for the λ1031.93 : λ1037.62 pair). Furthermore, oxygen is the most abundant metal, and the O +5 ion is an effective tracer of the low temperature WHIM (Tripp et al. 2006b ). Assuming collisional ionization equilibrium, other ion species (e.g. O VIII, Mg X, Ne VIII) have greater abundances in the higher WHIM temperature range, where it is predicted there are more baryons; however, these other ions are extremely difficult to detect at low redshifts. Current X-ray telescopes are not up to the task but for a few systems (Wang et al. 2005; Williams et al. 2006; Nicastro et al. 2005) .
Cosmological simulations make four important predictions about the content, temperature, ionization mechanism, and density of the WHIM. The WHIM contains ∼ 40% of the baryons in the low-redshift Universe (Davé et al. 2001; Cen et al. 2001 ). It has characteristic overdensity 10 δ 30 and is shock heated to T ≈ 10 5 -10 7 K as it collapses onto large-scale structure (e.g., filaments; Davé et al. 2001; Fang & Bryan 2001) . The WHIM thermally emits soft X-rays; Davé et al. (2001) argue that the WHIM must be in a filamentary structure to agree with the soft X-ray background. Collisional ionization dominates in high-temperature, high-density regions (e.g., WHIM), and photoionization dominates in low-temperature, low-density regions (e.g., local Lyα forest; Fang & Bryan 2001) . Cen & Ostriker (2006) and Cen & Fang (2006) include new and improved prescriptions for galactic super-winds and collisional non-equilibrium. Their recent results substantiate previous simulations which argue for a large contribution of WHIM gas to the baryonic census as well as demonstrate the importance of galactic super-winds in dispersing metals to large distances from the galaxies, with impact parameters ρ ≈ 1 Mpc.
Several observational papers propose that O VI absorption occurs in a multi-phase medium, with hot collisionally-ionized components (10 5 T 10 7 K) and warm photoionized components (T ≈ 10 4 K) (e.g. Simcoe et al. 2002; Shull et al. 2003; Sembach et al. 2004a; Danforth et al. 2006 ). Other papers suggest that the O VI absorbers are in collisional ionization equilibrium (CIE; Richter et al. 2004) , not in equilibrium , or photoionized and therefore not part of the WHIM (Prochaska et al. 2004) . Richter et al. (2004) argue that broad Lyα features can be used to trace the WHIM if there are no O VI lines, and the simulations of Richter et al. (2006) indeed find broad Lyα features at the redshift of O VI absorption.
Recent observations have argued that O VI absorbers are often correlated with galaxies or galaxy groups (e.g., Richter et al. 2004; Prochaska et al. 2004; Sembach et al. 2004a) . Typically, O VI absorbers are identified because Lyα absorbers were first identified at the corresponding redshifts. If O VI absorption were truly tracing the WHIM, the hydrogen should be predominantly ionized at T ≈ 10 5 K and therefore very broad and shallow due to thermal broadening, precluding easy detection (Richter et al. 2004 ). This may explain the tendency to detect O VI absorbers near galaxies and to model the absorbers as a multi-phase medium. For this reason, Tripp et al. (2007) and the current study perform searches for O VI doublets without first detecting Lyα. Danforth & Shull (2005) and Danforth et al. (2006, hereafter, DSRS06) The prevalence of low-ionization absorption Lyα and, often, C III associated with highly-ionized O VI absorption supports a multi-phase model of the IGM. DSRS06 did not perform a blind search for O VI without Lyα absorbers. Tripp et al. (2007) searched for H I and O VI absorption in archival STIS spectra of 16 low-redshift quasars. The spectra were supplemented with FUSE data for sightlines with published complete line lists. Tripp et al. (2007) compared and contrasted 14 associated (those within 5000 km s −1 of the quasar) and 53 intervening H I and O VI absorption systems. From this survey, almost half of the intervening systems are multi-phase absorbers that may host, at least in part, the WHIM, and more than a third of the systems are cool, single-phase absorbers.
Presented here is a detailed analysis of far-ultraviolet STIS and FUSE spectra of the quasar PKS1302-102 (z QSO = 0.2784 ± 0.0005, Corbett et al. 1998) . Column densities are measured for H I Lyman systems and metal lines. For systems with at least Lyα and Lyβ, the H I Doppler parameter was measured. The redshift density of Lyα, O VI, and C III absorbers is determined. A direct comparison with the results of DSRS06 is given. In addition, the UV spectra are complemented by a galaxy survey of the field surrounding PKS1302-102, made at Las Campanas Observatory. These observations are used to characterize the O VI absorbers and other metal-line systems with respect to galaxies. This is the first in a series of papers on the chemical enrichment of the lowredshift IGM (HST proposal 10679; PI: J. X. Prochaska). The paper is organized as follows: the data and reduction procedures are discussed in § 2; the identification of absorption-line systems in § 3; metal-line systems in § 4; strong Lyα absorbers in § 5; previous analysis in § 6; galaxy survey and results in § 7; and final discussion and conclusions in § 8. Table 1 . STIS observations were taken with the medium echelle grating E140M that covers 1140 λ 1730Å. The 44 orders were coadded individually before being coadded into a one-dimensional spectrum, which was used for further analysis. There are gaps between the orders for λ 1600Å. STIS E140M has a resolution of R ≈ 45, 000, or FWHM ≈ 7 km s −1 . More information about STIS can be found in Mobasher (2002) .
The data were retrieved from the Multimission Archive of Space Telescope (MAST) 6 and were reduced with Cal-STIS v2.15b with On-the-Fly-Reprocessing. The multiple exposures were coadded with the IDL routine COAD-STIS from the XIDL library, 7 which is described below. Each order of each exposure was rebinned to the same logarithmic wavelength solution. Regions with bad data quality flags and a small neighboring buffer to the bad regions were excluded in the coadding of the observations. The STIS Data Handbook defines many data quality flags (Mobasher 2002) , and all but three non-zero flags were rejected (16, 32, and 1024) . These three accepted flags indicated abnormally high dark rate and mild CCD blemishes.
The spectra were scaled to the spectrum with the highest signal-to-noise ratio S/N, measured across all orders. The orders were coadded with the XIDL routine X COMBSPEC, which weights by S/N. To coadd the orders into one spectrum, overlapping regions of the orders were combined by taking the weighted mean of the flux.
Far Ultraviolet Spectroscopic Explorer
The Far Ultraviolet Spectroscopic Explorer (FUSE ) complements the STIS wavelength range and enables the identification of important absorption lines at lower redshifts. FUSE covers 905 λ 1190Å with R ≈ 20, 000, or FWHM ≈ 15 km s −1 . In FUSE, Lyβ and O VI absorption can be detected at z abs 0.15 and C III at z abs 0.22. For PKS1302-102, the H I column density is better constrained when Lyα absorption from STIS is supplemented with detections and upper limits of higherorder H I Lyman lines from FUSE. The O VI absorption that may trace the WHIM should be more prevalent at lower redshifts, and it is important to search for O VI at z abs < 0.15. C III absorption is a common metal line from photoionized gas and, typically, indicates a multi-phase medium when detected in a system with the highly-ionized O VI (Prochaska et al. 2004) .
The four gratings of FUSE disperse onto two detectors resulting in eight spectra per exposure. More details about the FUSE instrument and mission can be found in Moos et al. (2000) and Sahnow et al. (2000) . All PKS1302-102 FUSE observations were taken in photon address mode (i.e., time-tag mode) with the lowresolution aperture (LWRS). The two separate observations of PKS1302-102 were coadded into one set of eight spectra in order to increase S/N. The CalFUSE pipeline has procedures for this purpose. After each exposure has been processed, the intermediate data files (IDFs), which contain all information from the raw photon-event list to the wavelength solution, are combined into one IDF for each channel; in a similar manner, the bad pixel masks (BPMs) are also combined. From these two files, the CalFUSE pipeline extracts the final, calibrated spectra.
By default, the combined IDF has its aperture centroid defined by the first, single-exposure IDF in the list to be combined. In addition, to save space, the combined BPM is only defined for the regions of the two-dimensional spectra used in the final extraction (i.e., aperture and background windows). Each single FUSE exposure of PKS1302-102 has low S/N and a poorly measured centroid, and CalFUSE was not able to optimally extract the final spectra. Even if they were optimally-extracted, the spectra would exclude good data since the centroid used was not measured for the combined IDF.
To properly calculate the centroid for a combined IDF, several subroutines were copied from the CalFUSE program CF EDIT, which is an IDL GUI used to modify IDFs, into a customized IDL routine that calculates the centroid and modifies the IDF header accordingly. This new centroid was written to the headers of the individual IDFs so that the BPMs generated with the standard CalFUSE pipeline would automatically span the desired regions of the spectra. These BPMs were combined, as mentioned previously, and used with the combined IDFs to extract the calibrated spectra. In this manner, the PKS1302-102 FUSE spectra were optimally extracted.
The calibrated spectra from each observation were coadded with FUSE REGISTER. The eight segments were not combined into one spectrum. This allowed for the identification of the same feature in different segments for confidence and avoids the issue that the FUSE channels have slightly different wavelength solutions. Values quoted in this paper primarily come from the detection in the channel with the highest S/N.
According to the FUSE white paper about wavelength calibration, 9 the two main sources of uncertainty in the (Mobasher 2002 ). The partial Lyman-limit system at z abs = 0.09487 spanned all the FUSE channels, save SiC 1B (see § 4.5), and was used to shift the FUSE spectra onto the STIS wavelength solution. The alignment of the Galactic features is secondary evidence that the shifts are reasonable. For SiC 1B, the Galactic Lyγ emission was used. The spectra were shifted by the following amounts: −56 km s −1 (SiC 1B); 35 km s −1 (SiC 2A); 9 km s −1 (LiF 2B); 21 km s −1 (LiF 1A); −22 km s −1 (SiC 1A); 18 km s −1
(LiF 1B); and 2 km s −1 (LiF 2A). The SiC 2B and LiF 2B segments were not used in the analysis due to their poor sensitivity. The other three SiC channels have poor flux zero points, resulting in negative flux and uncertain W r ; however, line identification was possible. SiC 1A was excluded from analysis because LiF 1A covered the same wavelength range; SiC 1B and 2A were included to cover the lower wavelengths. There are two segments covering most wavelengths: 905 λ 1005Å (SiC 2A and 1B); 990 λ 1090Å (LiF 1A); and 1088 λ 1188Å (LiF 1B and 2A).
Continuum Fitting
The spectra were normalized with a parameterized bspline continuum-fitting program. Once an initial breakpoint spacing was chosen (≈ 6Å for STIS and ≈ 4-5Å for FUSE ), the spectrum was iteratively fit with a b-spline. In each iteration, pixels that lay outside the high/low sigma clips (e.g., 2.5/2) were masked out to prevent absorption features, cosmic rays, or other bad pixels from skewing the fit. This process was repeated until the fit changed less than a set tolerance compared to the previous iteration. The breakpoint spacing was automatically decreased in regions of great change (e.g., quasar Lyα emission) and increased in regions of relatively little variation. More specifically, the spacing is made coarser in regions where the binned flux f i varied by ≤ 10% compared to the error-weighted fluxf ; the spacing is refined where f i varied by greater than one standard deviation σ fi off . The value f i is the median flux in bins defined by the initial breakpoint spacing. The spectrum and its error were divided by the continuum to generate the normalized spectrum used in the analysis.
The program may loosely be considered "automatic:" it will converge on the best fit for the spectrum based on a given set of parameters. However, a fit based on a random set of parameters may not be a good fit to the continuum as judged visually by the authors. To estimate the errors resulting from the subjective nature of continuum fitting, we fit the spectra "by-hand" with the XIDL routine X CONTINUUM and compared the change in rest equivalent width W r values. The W r values measured from the spectra normalized by the automated program are in good agreement with those measured from the spectra normalized by hand. The rootmean-squared (RMS) fractional difference is < 5% for STIS and 12% for FUSE. For column densities, the RMS fractional difference is < 1% for both instruments.
ABSORPTION-LINE SYSTEMS

Identifying Systems
We search for IGM absorption systems-absorption lines physically associated with one another-with allowance for variations in e.g., ionizing mechanism, density, temperature. The absorption features detected in the FUSE and STIS spectra were sorted into Galactic lines and intergalactic absorption lines. The latter category was further sorted into their respective systems by comparing their redshifts, line profiles, and rest equivalent width W r ratios. Lines of the same ionized species from a given absorption system should have the same redshift, similar line profiles, and unsaturated W r values that scale with oscillator strengths (see Figures 1 and  2) . Ions from the same phase of the IGM tend to have roughly the same redshift and similar profiles. For example, H I and C III of z abs = 0.04222 are well aligned in velocity space, and have similar asymmetric profiles, whereas O VI is at a different redshift (velocity) and has a dissimilar profile (see Figure 3) ; this suggests the H I and C III absorption arises from one phase of the IGM and O VI from another.
In order to thoroughly identify the absorption features in the spectra of PKS1302-102, we developed an automated procedure to detect all features in the spectra greater than a minimum significance and width. We then interactively identified the features not coincident with Galactic lines.
Automatic Line Detection and Doublet Search
A purely interactive search (as described below) would be biased towards systems with Lyα. O VI ions that are associated with collisionally-ionized gas at T ≈ 3 × 10 5 K (e.g., the canonical WHIM) are likely to have associated Lyα profiles that are broad and shallow (Richter et al. 2004 ). The PKS1302-102 spectra does not have sufficient S/N to reliably detect broad Lyα features. To avoid biasing the search against warm-hot O VI gas, we searched for doublets independently of Lyα.
In order to conduct a blind search for pairs, primarily doublets like O VI, an automated feature-finding program was developed to detect all possible absorption features with a minimum significance σ min and width. The spectrum was first convolved with a Gaussian with FWHM b min . The convolved pixels were grouped into potential features with significance σ pix ≥ σ min . The program does not attempt to separate blended lines into component features. The final result is a list of central wavelengths, observed equivalent width W obs and error, and wavelength limits (used to measure W obs ).
Next, a blind search for doublets (O VI, C IV, N V, and Si IV) was performed. For example, the search assumed each automatically detected feature between Galactic and quasar O VI could be O VI 1031 and only identified a possible pair when another feature was at the appropriate wavelength spacing within the bounds of λ1031 translated to the appropriate, redshifted wavelength of λ1037. This procedure was repeated for the C IV, N V, and Si IV doublets and for Lyα, Lyβ and Lyα, C III pairs.
The blind doublet search successfully identified Galactic O VI, C IV, N V, and Si IV as well as the IGM O VI systems at z abs = 0.04222, 0.06471, 0.09487, and 0.22555 verified by the interactive search. The weak O VI absorbers at z abs = 0.19161 and 0.22752 are not 3σ features in both lines of the doublet and were not identified in the automated search when σ min = 3. The search also resulted in a possible O VI doublet at z abs = 0.01583 with Lyα not detected at 3σ. However, this candidate O VI doublet is actually the coincidence of Galactic Ar I 1048 and H 2 1054.0 R(3). In this case, the misidentification was evident from the fact that the W r ratio was inconsistent with an O VI doublet.
In general, the automated feature-finding program indicates features in a spectrum that have a roughly Gaussian profile and a measured significance greater than the minimum required. These features may or may not be absorption lines. There is a balance between automatically detecting weak absorption lines and including spurious features. We calibrated the search parameters to maximize the detection of lines with W λ > 50 mÅ while minimizing the inclusion of spurious features (less than 10%).
Interactive Search
The automatic line-detection procedure described above generates a list of unidentified features meeting a specified minimum set of requirements. The features may be Galactic, intergalactic, or, in a few cases, spurious. The automated pair searches (e.g., Lyα, Lyβ) supply a starting point for interactively identifying the features and sorting them into IGM absorption systems. The potential feature list gives the lines that should be identified and is used to determine the completeness of the interactive search. The final, identified absorption lines are listed in Table 2 .
Identifying the absorption lines first required disentangling Galactic from intergalactic features. The velocity plots of the Lyα, Lyβ pairs from the blind search were examined individually. If these pairs were well aligned in velocity space, with similar line profiles, and decreasing W r , we interactively searched for higher-order Lyman lines (e.g., Lyγ, Lyδ) and/or common metal lines, redshifted by the assumed-Lyα redshift. These lines were grouped as a possible system. The rough priority of metal lines was: (a) C III, O VI, C IV λλ1548, 1550; (b) N II λ1083, Si III λ1206, C II λ1036 or λ1334; and (c) N III λ989, Si IV λλ1393, 1402 (using atomic data listed in Prochaska et al. 2004) . In this initial search, no knowledge of the Galactic lines biased the identification of IGM absorption lines.
Second, all features from the automatic search corresponding to likely Galactic lines were recorded as such, regardless (for now) whether the same features were first identified as IGM lines. The likely Galactic lines included various ionization states of iron, oxygen, nitrogen, sulfur, Note. -Note that the list is incomplete for wavelengths < 1000Å where the data has poor S/N and significant line blending. Columns 4,5 (6,7) refer to the SiC 1B (SiC 2A) channel for 905< λ < 1005Å; LiF1A for 990< λ < 1090Å; LiF 1B (LiF 2A) for 1088< λ < 1188Å; and STIS E140M for λ > 1188Å. [The complete version of this table is in the electronic edition of the Journal. The printed edition contains only a sample.] carbon, silicon, phosphorus, argon, and aluminum. This set of lines was defined in a stacked spectrum of normalized STIS E140M spectra of 15 low-redshift quasars. In the FUSE channels with λ 1000Å, molecular hydrogen lines are abundant due to the Lyman and Werner bands. The PKS1302-102 sight line has moderate to low molecular hydrogen absorption with a line of sight log N (H 2 ) = 16.3 (Wakker 2006) .
All automatically detected features not already identified as Galactic or associated with an intergalactic system was assumed to be Lyα if between Galactic Lyα and Lyα at the redshift of PKS1302-102 (i.e., 1216 λ 1563Å). For example, the strong Lyα absorber at z abs = 0.19243 was detected automatically, not paired with Lyβ, and not corresponding to a Galactic line.
For spectra of low-redshift quasars, line confusion (e.g., blends) is minimal. However, line coincidences do occur. As an example, consider the Lyman series at z abs = 0.09400, which first appeared to be an especially strong H I absorber. The Lyβ, Lyγ, and Lyδ transitions were blended with Galactic lines, and higher-order Lyman lines were confused with H 2 absorption and with the higher-order Lyman lines at z abs = 0.09487. Occasional blends also occur between different IGM absorption systems. We disentangle these blends assuming common line-strengths for the various transitions within a blend, allowing for modest variations. For instance, DSRS06 lists a Lyα absorber at z abs = 0.08655, whereas we identify it as Si III at z abs = 0.09487 because the would-be Lyβ at z abs = 0.08655 was less than 3σ significance and the system at z abs = 0.09487 is a strong H I absorber expected to have associated metal-line absorption.
Throughout this paper, only the statistical errors from photon counting are quoted, but the true errors should account for the combined statistical, continuum, and systematic errors. An estimate of the combined error will change the detection limit with respect to the statistical error. In § 2.3, we estimated the RMS fractional difference due to continuum fitting to be < 5% for STIS and 12% for FUSE. The rest equivalent width is measured with a simple boxcar summation. The wavelength limits of the boxcar window were defined interactively and are subjective. The RMS fractional difference due to changing the window by 15% is 6% for STIS and 13% for FUSE. Column densities were affected by less than 1% by changing the window.
The errors from the continuum fitting and boxcar summation are correlated, but as a first approximation, we will add them in quadrature. Ultimately, for a feature to be detected at three times the combined error, the feature must be detected at 3.1σ for STIS and 3.6σ for FUSE, where σ is the statistical error only. For example, C III at z abs = 0.00438 is a 3.2σ detection, but folding in the 12% continuum-fitting and 13% boxcar-summation errors for FUSE, the feature is 2.8 times the combined error. Lyβ at z abs = 0.12565 is a similar case in the STIS spectrum. The majority of lines discussed in this paper have significance greater than three times the combined error, and we will use 3σ, commonly quoted in the literature, as our detection limit knowing a more rigorous examination of our errors does not affect our results.
There are 28 Lyα features detected at ≥ 3σ significance in the spectra of PKS1302-102. Of these, 15 are strong Lyα absorbers with log N HI ≥ 14 (54%) and eight with at least one metal line (29%). A ninth tentative metalline system has log N HI = 13.1. There are five probable O VI systems. Line identification is complete to 90% in the region of STIS where intergalactic Lyα could be detected with σ min = 4σ and b min = 20 km s −1 , 10 and identification is complete to > 85% in FUSE LiF 2A, 1B, and 1A for b min = 40 km s −1 features. Completeness was measured by correlating the identified lines from the interactive search with the automatically detected features discussed above.
Column Densities, Doppler Parameters, and
Metallicities For absorption systems exhibiting at least two members of the H I Lyman series, the H I column density log N HI and Doppler parameter b were measured with a curve-of-growth (COG) analysis of the W r values that minimized χ 2 . For metal lines, the apparent optical depth method (AODM) was used to measure the column densities (Savage & Sembach 1991) .
However, as discussed in Fox et al. (2005) , the AODMmeasured column densities from low-S/N spectra systematically overestimate the true column densities due to spurious high-AOD (low flux) pixels and the exponential nature of the AODM. From Monte Carlo tests, we measure this to be, at worst, a 0.2 and 0.25 dex effect for unsaturated features in STIS and FUSE, respectively.
To measure metallicities, we used ionization corrections from collisional ionization equilibrium (CIE) or photoionization models of the metal-line systems, calculated with CLOUDY 11 versions 94 and 06.02.09a, respectively, as last described by Ferland et al. (1998) . The CIE models are described in Prochaska et al. (2004) .
To construct the photoionization models, the medium was assumed to be a plane-parallel slab ionized by a Haardt & Madau (1996 , updated in 2005 quasar-only ultraviolet background. The number density of hydrogen n H was assumed to be 0.1 cm −3 , though our models are insensitive to this parameter in the opticallythin regime. The ionization parameter log U , metallicity
12 neutral column density log N HI , and redshift of the UV background were varied to sample the parameter space. The ionization parameter is a dimensionless ratio of the number of hydrogen-ionizing photons to the total number of hydrogen atoms.
Abundance-independent ionic ratios of the same metal (e.g., N(C ++ )/N(C +3 )) and/or abundance-dependent ratios of metals with similar ionization potentials (e.g.,
The log U or T limits define the ionization corrections for the measured metallicities (e.g., [C/H]). Due to the simplifications and assumptions in the CLOUDY models, the model abundances and metallicities are reliable to within a factor of two.
Modeling of a multi-phase medium was generally not considered because the systems presented in this paper simply have too few metal lines. By the same token, multi-phase and collisional ionization non-equilibrium scenarios are not ruled out by the observations. In select cases where the kinematics and abundances suggest a multi-phase medium, we do use photoionization and CIE models to describe the different components.
METAL-LINE SYSTEMS
This section summarizes the nine Lyα systems with at least one metal line detected. Velocity plots, COG analysis, and CLOUDY models for each system are discussed. Four of the nine systems have C III absorption only, one with C III and the O VI doublet, three with tentative O VI detections, and one with C III, Si III, and a broad O VI doublet. Because C III is the dominant line in photoionized gas, it may be more readily detected in the moderate-S/N PKS1302-102 spectra. The metal-line systems are summarized in Table 3 .
All but three of the metal-line systems have log N HI ≥ 15. The two systems with multiple metal lines are likely multi-phase based on kinematic arguments (e.g., velocity offsets, line profiles) and the poor fit of singlephase models to the data. More specifically, a singlephase, collisionally-ionized absorber does not have significant C III and O VI absorption without significant C IV absorption.
The metallicities quoted are based on ionization corrections from the best log U or T value from the CLOUDY 
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Fig. 1.-Velocity plot for z abs = 0.00438. Spectra, averaged over two pixels (thin black line), are stacked in velocity space with v = 0 km s −1 at z abs = 0.00438, the optical-depth weighted centroid of Lyα (vertical blue dashed line). The region used to measure Wr is highlighted (thick black line). Also indicated is the flux at zero (red dash-dotted line). The H I Voigt profiles, based on the COG log N HI and b, are superimposed to show the predicted area under the curve (green dash-dotted line; for the metal lines, this line indicates the flux at unity). The Voigt profile centroid is fixed at the redshift of Lyβ z β = 0.00439. Lyα is detected in the wings of the damped Galactic Lyα feature, and the lines higher than Lyβ are detected in the SiC 2A and 1B channels, which have poor sensitivity. C II and C IV 1550 are not detected at 3σ. Lyγ, Lyδ, and Lyǫ are blended with Galactic C III, H 2 954.0 R(4), and H 2 941.6 P(2), respectively. As shown, Galactic C II 1036 is coincident where O VI 1031 would be, and there is an absence of O VI 1037. models with [M/H] consistent with the final, derived metallicity. In cases where the log U value is not well constrained by the observations, we adopt a central value based on log N HI , as predicted by the empirical/theoretical relation in Prochaska et al. (2004) . The nature of the galaxy environment of these systems will be discussed in § 7.
4.1. z abs = 0.00442: C III This metal-line system was detected at v ≈ 1300 km s −1 , in the wings of the damped Galactic Lyα profile (see Figure 1) . The PKS1302-102 sight-line also passes through the Virgo cluster at this redshift (Wakker et al. 2003) . Lyα and C III are well aligned in velocity space with similar line profiles, which imply the two absorbers are kinematically similar. Lyα, Lyβ, and Lyζ were used to fit the COG: log N HI = 15.8 Figure 2) . The H I column density is not well constrained for this system. Lyβ, which was detected in LiF 1A, has the highest detection significance of the Lyman series. The higher-order lines fall in the SiC 2A and 1B channels, which have poor sensitivity. The AODM HI column density for the saturated Lyβ line sets a lower limit of log N HI The ionic ratios N(C + )/N(C ++ ) and N(C ++ )/N(C +3 ) constrained the ionization parameter to −3.4 ≤ log U ≤ −2.1 for the CLOUDY models with log N HI = 15.75. For log U = −2.1, −2 ≤ [C/H] ≤ −0.9. From the kinematics of Lyα and C III and CLOUDY modeling, the z abs = 0.00438 system is well described as a photoionized, metalpoor, single-phase medium.
4.2. z abs = 0.04226: O VI, C III The Lyα profile shows two strong components. The blueward component aligns well with C III and the redward with O VI (see Figure 3) . The H I COG for this absorber included Lyα, Lyβ, and Lyγ, and the values are well constrained: log N HI = 15.07 +0.08 −0.07 and b = 22 +1.9 −1.8 km s −1 (see Figure 4) . Lyǫ, O I λ1302, C II, and C IV 1550 were not detected at 3σ. Lyδ is blended with Galactic N III, Lyγ with H 2 1013.4 R(1), and Lyβ with C III at z abs = 0.09400. O VI 1037 is blended with the weak H 2 1081.7 R(3) line.
The H I Lyman lines and C III have similar line profiles and appear well aligned in velocity space, while O VI is shifted redward. Since Lyα is saturated and multicomponent, its velocity is not well constrained. Taking Lyγ as the reference line for the stronger H I component, O VI 1031 has δv abs ≡ c(z abs − z γ )/(1 + z γ ) = +54 km s −1 , while C III is perfectly aligned. The significant velocity offset between the metal-line profiles suggests the metals reside in different phases of gas, with overlapping Lyα absorption. The O VI absorption appears associated with more tenuous narrow Lyα absorption, and the doublet has a width similar to the redward Lyα component.
The W r ratio of O VI 1031 to 1037 (1.1 ± 0.14) does not agree with the expected 2 : 1 ratio. The continuum fit around O VI 1037 is poorly constrained because Lyǫ, which is not detected at 3σ, is shown as a 2σ upper limit (magenta square-top arrow). Lyδ is blended with Galactic N III.
it is at the edge of LiF 1A and there are two absorption features close to 1037. This potentially increases W r and log N(O +5 ). O VI 1037 is also blended with a weak H 2 line. This system has the strongest O VI absorption in the PKS1302-102 sight line log N(O +5 ) = 14.5 and strong C III absorption log N(C ++ ) = 13.7. In the CLOUDY models with log N HI = 15, the ionic We have considered collisional ionization models. Under the assumption of CIE, the carbon absorption is constrained to be in a warm phase 5.3 × 10 4 < T < 9.8 × 10 4 K. Considering the limit set by N(C +3 )/N(O +5 ), the oxygen would be from a warm-hot phase T > 2.4 × 10 5 K with low metallicity [O/H] > −2. For this value, we have assumed the H I column density in the warm-hot phase is the same as measured in the COG analysis for the warm phase.
In summary, we favor a two-phase photoionization model for this system, as strongly supported by the kinematics. The strong, blueward H I component and the narrower, redward Lyα component have strong, wellaligned C III and O VI absorption, respectively. 4.3. z abs = 0.06468: O VI Though a tentative detection, O VI is well aligned with Lyα (see Figure 5) . The W r ratio of O VI 1031 to 1037 is 1.1 ± 0.4, and log N(O +5 ) = 13.8 (see Table 3 ). At the redshift of Lyα, there is no C III detected. However, there are two features in the vicinity: z abs = 0.09487 Lyδ at δv abs > 100 km s −1 and H 2 1040.4 P(2) at δv abs ≈ 0 km s −1 , with respect to the centroid of the unsaturated Lyβ. The H 2 P(2) profile may be blended, and we treat the whole feature as an upper limit for C III at z abs = 0.06471: log N(C ++ ) < 13.1. O I and C IV 1550 are not detected at 3σ.
The z abs = 0.06471 system is one of two tentative metal-line systems with log N HI < 15. The H I COG includes only Lyα and Lyβ, but the column density is well constrained because Lyβ is unsaturated: log N HI = 14.6 is well constrained by our COG analysis.
Assuming a photoionized gas, the ionic ratio Table 5 ). The z abs = 0.06471 could be a single-phase photoionized medium A single-phase CIE model is not ruled out by the ob- 4.4. z abs = 0.09400: C III Lyβ and Lyδ are significantly blended with Galactic Fe II 1121 and Galactic O I 1039, respectively (see Figure  7) . Lyγ is somewhat blended with Galactic Fe II 1064. The degree of blending is apparent from the line profiles in Figure 7 as well as a velocity plot of the Galactic lines (not shown). The COG includes only Lyα and the blended Lyγ and yields an upper limit: log N HI ≤ 15.06 for b = 27 +1 −1 km s −1 (see Figure 8 ). C III is blended with Lyβ at z abs = 0.04222, though the part included in Figure 7 is well aligned. Since C III is partially deblended, there is a lower limit on the column density log N(C ++ ) > 13.3 from the AODM (see Table  3 ). C II and the C IV doublet are not detected at 3σ. The COG analysis only includes Lyα and Lyγ because Lyβ and Lyδ were blended (see Figure 7) . Lyγ is blended with a weak Galactic line. Therefore, we conservatively consider the best fit to be an upper limit.
In the CLOUDY models with log N HI = 15, the ionic ratios N(C + )/N(C ++ ) and N(C ++ )/N(C +3 ) constrain the ionization parameter: −3.6 ≤ log U ≤ −1.5. For log U = −1.5, −1.3 ≤ [C/H] ≤ +0.3. This system is well modeled by a single-phase, photoionized medium.
4.5. z abs = 0.09487: Partial Lyman Limit System This system shows strong H I Lyman absorption from Lyα to H I 914a (see Figure 9 ). Lyǫ is in the wings of Galactic Lyβ absorption, and the higher-order Lyman lines H I 926 up to H I 914a fall in a region riddled with H 2 lines. Though the Lyman break λ912 is in a region of LiF 1A with low sensitivity, log N HI can be measured from the flux decrement at the limit. The optical depth τ 912 = ln(f QSO /f 912 ) = σ 912 N HI , where f QSO (f 912 ) is the flux redward (blueward) of the break and the cross section at the limit σ 912 = 7.9 × 10 −18 cm −2 (see Figure  10 ). We measure log N HI = 17.2 ± 0.2, consistent with the COG value discussed below.
The majority of the Lyman series from Lyα to H I 914a were used in the H I COG analysis: log N HI = 16.88 Figure 11) . A singlecomponent COG fits the data well, though this system has multiple components, as seen in the Lyα, C III, Si II, and Si III line profiles.
C III and Si III are well-aligned with Lyα. This system is the strongest C III absorber in the PKS1302-102 sight line log N(C ++ ) > 13.9. A broad, well-aligned O VI doublet is detected with an W r ratio of 2.3 ± 0.8 and log N(O +5 ) = 14. Si II λ1260, O I, and the Si IV and C IV doublets are not detected at 3σ.
For the CLOUDY models with log N HI = 17, the ionic ratios N(C + )/N(C ++ ) and N(Si ++ )/N(Si +3 ) set −3.3 ≤ log U ≤ −2.6 (see Figure 12 ). For log U = −2.9, we derive −2 < [C/H] < −1.6 and [Si/H] = −1.7 (see Table 6). O VI is very broad, and this indicates at least a kinematically different phase from the C III and Si III absorption. Likely, O VI is thermally broadened, and we should consider the CLOUDY CIE models. The system could not be reasonably described by a single-phase CIE model since there would not be significant absorption of a Assumes a photoionized gas with log U = −2.9 C III and O VI at one temperature without significant C IV absorption (see Figure 13 ). For CIE, the temperature limit T > 2.2 × 10 5 , set by N(C +3 )/N(O +5 ), yields [O/H] > −3.8 assuming the total N HI value of this absorber, which is most likely dominated by the photoionized phase.
The z abs = 0.09487 partial Lyman limit system is a metal-poor (−3.8
[M/H] −1.6) and two-phased medium. C III and Si III are from one phase; they are narrow, multi-component features from a photoionized medium. The broad O VI indicates another phase that is likely collisionally ionized but is also reasonably described by a photoionization model. 4.6. z abs = 0.14529: C III Although Lyα is as broad as that of the partial Lyman limit system discussed previously, the system at z abs = 0.14533 has a significantly lower N HI value (see Figure 14) . Lyα, Lyβ, and Lyγ were used to fit the H I COG: log N HI = 15.39 Figure 15 ). Lyδ was excluded because it lies near the edge of LiF 2A; it deviates from the value predicted by the COG by > 3σ. This discrepancy may also indicate that the system is multicomponent and poorly modeled by a single-component COG.
C III is well aligned with the broad Lyα, and log N(C ++ ) = 13.2 (see Table 3 ). A detection of the O VI doublet is not confirmed because O VI 1037 is at the edge of LiF 1B and in the low-sensitivity region of STIS. The equivalent width of O VI 1037 is greater than that of 1031 because 1037 is coincident with Lyβ at z abs = 0.15835. An upper limit is given by O VI 1031: log N(O +5 ) < 14.2. O I and C II are not detected at 3σ significance.
In the CLOUDY model with log N HI = 15.5, the ionic ratios N(C + )/N(C ++ ) and N(C ++ )/N(O +5 ) set −3.7 ≤ log U ≤ [C/O] − 1.3. Assuming log U = −1.9, the value predicted by Prochaska et al. (2004) -Lyman limit at z abs = 0.09487. We show our fits and conservative error estimates (solid green and dashed orange lines, respectively) for the quasar continuum redward of the λ912 break and the flux blueward. From the flux decrement, we measure the optical depth at the limit and the H I column density. The red line is the error array of the spectrum. This portion of the spectrum is at the blue edge of LiF 1A, where the sensitivity decreases.
This system is another strong Lyman absorber with C III well aligned with Lyα (see Figure 16) This system is fit well by a single-component COG model despite Lyα having a multi-component line profile (see Figure 9 ).
17).
This system does not have strong C III absorption: log N(C ++ ) = 13.1 (see Table 3 ). In the CLOUDY models for log N HI = 15.25, the ionic ratios N(C (2004) is log U = −0.8 for which the oxygen abundance would be unreasonably small. Tentatively, we consider this system to be collisionally ionized. Observations that covered the C IV doublet would better constrain the ionization mechanism. 
STRONG Lyα ABSORBERS WITHOUT METALS
In addition to the nine metal-line systems described above, we identified 15 Lyα features detected at > 3σ significance (see Table 7 ). There are seven Lyα lines with log N HI ≥ 14 that we identify as strong. Given the absence of metal-line absorption, the identification of these lines as Lyα should be considered less secure. However all of the strong Lyα lines show corresponding Lyβ absorption at > 3σ significance, which lends credibility to our identification. In Table 7 , we quote either the AODM column density or log N HI and b from the COG analysis when there is at least one other Lyman line detected. The log N HI values from the AODM are lower limits when Lyα is saturated.
The Lyα absorbers at z abs = 0.19243 and 0.19296 are within δv abs < 350 km s −1 of the metal-line system at z abs = 0.19161. Lyα at z abs = 0.22457 is within δv abs < 500 km s −1 of the tentative O VI absorbers at z abs = 0.22555 and 0.22752. The implications of these close systems will be discussed in the following section.
The Lyα absorber at z abs = 0.25219 has larger log N HI than the the tentative O VI systems at z abs = 0.06471, 0.22555, and 0.22752. As mentioned previously, metalline absorption roughly scales with log N HI ; the z abs = 0.25219 system should show some metal-line absorption since the other three systems do. These systems appear to be at the edge of our ability to detect metal-line absorbers.
COMPARISONS WITH PREVIOUS ANALYSES
The STIS dataset (PI: M. Lemoine) was acquired to measure an intergalactic D/H value from the z = 0.095 partial Lyman limit system. Unexpected line-blending has apparently precluded such an analysis (Lemoine, priv. comm.) and the data was not studied for this purpose. PKS1302-102 was included, however, in the compilation of Danforth et al. (2006) who studied Lyα, Lyβ, O VI, and C III lines along 31 AGN sightlines at z < 0.3. We have compared our results against DSRS06 to search for systematic effects related to different procedures of data reduction and analysis. In particular, we have derived equivalent widths differently than DSRS06; our analysis adopts values from a simple boxcar summation whereas DSRS06 implemented line-profile fits using the VPFIT software package. DSRS06 use COG concordance plots, Voigt profile fits, and/or the AODM to measure log N DSRS06 and b DSRS06 , typically assuming a single component. From log N DSRS06 and b DSRS06 , they measure W r,DSRS06 . They tend to underestimate W r,DSRS06 compared to our values, which are a simple sum of the absorbed flux and include unresolved components. The H I COG analysis log N and b are (blue) circles, the AODM log N are (red) triangles for metal lines (i.e., C III and O VI,) and (blue) squares for Lyα. We generally agree with log N DSRS06 because the sum of potential components does not greatly affect the total column density (top panel). On the other hand, unresolved components tend to increase b DSRS06 compared our values, as discussed in DSRS06 (bottom panel).
Figure 20 presents a comparison of the rest equivalent width (W r ) measurements of DSRS06 against our values for Lyα and metal-line transitions. We find that the two sets of measurements are in good agreement for W r values of metal-line transitions. Similarly, there is relatively good agreement between the two studies for Lyα lines at low rest equivalent widths (W r < 300 mÅ). The only notable difference is that the DSRS06 rest equivalent width errors σ(W r ) for the Lyα lines are systematically lower than our values; DSRS06 report σ(W r ) ≤ 5 mÅ for the majority of their lines. While line-profile fitting techniques can recover more precise measurements of the equivalent width than a boxcar summation, we contend that a 5 mÅ error cannot be achieved from this dataset (S/N ≈ 3 to 6 per pixel). Even for strong lines where one might be justified in assuming the core has zero flux with zero uncertainty, the wings of the line-profile have equivalent width errors of greater than 10 mÅ. We can only speculate on the implications of adopting very small errors on W r for Lyα transitions. DSRS06 performed concordance COG analysis of N HI and b values in a similar manner as the analysis presented here. Because the Lyα line has the largest W r value in the Lyman series, adopting a very small uncertainty will drive the COG analysis to best model the Lyα transition. In particular, this will imply b COG = b Lyα which DSRS06 emphasize generally overestimates the true Doppler parameter of the 'cloud' dominating the optical depth. We will return to this point below.
There are more serious discrepancies between our results and DSRS06 for stronger Lyα lines (W r > 300 mÅ). First, we identify five Lyα lines with log N HI > 13.8 that DSRS06 have not, at z abs = 0. 16935, 0.19243, 0.19296, 0.25286, and 0.25412 . The z abs = 0.16935 Lyα is a multi-component system with Lyβ lost in Galactic N I, and z abs = 0.19243 Lyα has a similar problem. The z abs = 0.19296 and 0.25286 Lyα have Lyβ detected at > 3σ. These features are not Galactic lines nor misidentified metal lines from other intervening systems. Although DSRS06 detect other strong Lyα lines without Lyβ absorption, these lines were not reported in their survey. Second, we have derived systematically larger W r values for strong Lyα lines. Most notable are the five Lyα lines in Figure 20 that deviate by more than 3σ from the W r values reported by DSRS06. The majority of the discrepancy is probably due to these features being multi-component; we quote the total W r of the feature whereas DSRS06 generally only report the strongest single component. We find similar differences when comparing the DSRS06 results for PKS0405-123 against the results reported in Prochaska et al. (2004) .
We also compare the column densities and Doppler parameter values for absorption lines analyzed by DSRS06 (see Figure 21) . The metal-line column densities are considered first. In contrast to the equivalent width measurements for these transitions, we find that our values are systematically larger than those reported by DSRS06. Most worrisome is that we report several lower limits to the column density of C III because the line is clearly saturated in the FUSE observations whereas DSRS06 report not a single lower limit. For example, we report log N(C ++ ) > 13.9 for the C III transition in the z = 0.09487 absorber whereas DSRS06 report log N(C ++ ) = 13.73 ± 0.05. The differences in O VI column densities are < 0.3 dex, and probably due to continuum placement. The broad, shallow O VI detection at z abs = 0.09487 differs by 0.3 dex whereas the stronger z abs = 0.04222 feature differs only by 0.1 dex.
Regarding the H I column densities, we note trends similar to those for the W r values: at low column densities there is good agreement between the two analyses, but at larger N HI our values are systematically larger. The difference is most acute for the two systems at log N HI > 15.5: z abs = 0.00438 and 0.09487. As mentioned in § 4.1, DSRS06 use a profile fit to z abs = 0.00438 Lyα, which falls in the Galactic damped Lyα profile, to determine N HI . Our COG analysis includes Lyβ, which is the only feature of the system in a good region of the spectra. The difference for z abs = 0.09487 is due to DSRS06 only including Lyα through H I 926 in their concordance COG analysis. For this system, the higherorder H I Lyman lines are most important for measuring the N HI value.
Finally, we have compared the Doppler parameter values from the two analyses (Figure 21 ; lower panel). At low b values, we find reasonable agreement, but at moderate values our results are systematically lower than the values reported by DSRS06. We suspect the discrepancy is related to the very small errors adopted for their Lyα equivalent widths (Figure 20) . In this case, a COG analysis will yield a Doppler parameter which better describes Lyα and, as DSRS06 emphasize, b Lyα is systematically larger than b COG . Because DSRS06 generally adopt equivalent values from the literature (e.g. Penton et al. 2004) , it is possible that this systematic effect is only present in the few sightlines analyzed by DSRS06 (e.g., PKS1302-102, PKS0405-123). We also note that the larger b values likely lead to a systematic underestimate of N HI which explains at least part of the offset of their values from our results for log N HI > 14. Tripp et al. (2007) searched for H I and O VI absorption in archival STIS spectra of 16 low-redshift quasars. They fit Voigt profiles and applied the AODM to measure equivalent widths and column densities of absorption lines, including individual components. For PKS1302-102, they report three O VI systems at z abs,T 07 = 0.19159, 0.22563, and 0.22744 that correspond to the systems at z abs = 0.19161, 0.22555, and 0.22752, respectively, from § 4. We briefly summarize the Tripp et al. (2007) results for the PKS1302-102 sightline. The H I system at z abs,T 07 = 0.19159 has a strong, narrow component coincident with a tentative weak, shallow component. C III, Si III, and only O VI 1031 are detected at > 3σ and well-aligned with the H I lines. The z abs,T 07 = 0.22563 H I absorption is single component but is offset (δv abs = −18 km s −1 ) from the O VI doublet, which is detected at > 3σ in both lines. Weak Lyα (log N HI = 13) and the O VI doublet, also detected at > 3σ in both lines, are well-aligned at z abs,T 07 = 0.22744.
We differ from Tripp et al. (2007) most with respect to the measured integrated equivalent widths. The discrepancy is strongest for the O VI doublet measurements, but the difference are typically less than 2σ. The quoted Doppler parameters (for H I) and column densities (H I, O VI doublet) are in excellent agreement.
In conclusion, we qualitatively agree with one main re- Table 7 ). There are groups of absorbers with |δv abs | < 500 km s −1 and with nearby galaxies that may be large-scale filaments at z abs ≈ 0. 094, 0.192, and 0.225. sult of the Danforth et al. (2006) and Tripp et al. (2007) surveys: typically O VI absorption is found in multiphase systems. Except for one line, we do not disagree with the identification of lines from the two surveys. The exception is for a line at λ obs ≈ 1321Å that DSRS06 identify as Lyα at z abs = 0.0865 and we list as Si III 1206 at z abs = 0.09487. Discrepancies in measured quantities are due to differences in reduction (e.g., spectra extraction, continuum fitting) and analysis (e.g., measuring W r , accommodating blending), which greatly affect error estimates.
GALAXY SURVEY
A number of studies have examined the relationship between galaxies and absorption-line systems at z 0.1. Regarding metal-line systems, the majority of recent analyses can be characterized as a detailed study of a single or few absorbers (e.g. Stocke et al. 2004; Jenkins et al. 2005; Tripp et al. 2006a) , an analysis of a complete sightline and its surrounding galaxies (Sembach et al. 2004b; Prochaska et al. 2006) , or a survey comprising multiple fields and absorbers . These studies have examined metal-line systems associated with a diverse set of ions (Si
, metallicities, and H I column densities. Furthermore, the galaxy surveys have a wide range of magnitude limits and field-of-view areas. Not surprisingly, a range of conclusions have been drawn regarding the association of galaxies and absorbers including: (i) a physical association of the gas with individual galactic halos (Chen & Prochaska 2000) , (ii) outflows from dwarf galaxies , and largescale (e.g. filamentary) structures Tripp et al. 2006a) . Indeed, all of these may contribute to metal-line systems, presumably with a dependence on the metallicity, ionization state, and column density of the gas. Other analyses begin with a well-defined galaxy survey and search for absorption associated with galaxies at small impact parameters to the sightline (Lanzetta et al. 1995; Chen et al. 2001a,b) . These authors conclude that the presence of a galaxy within ≈ 200 kpc of a quasar sightline results in a high probability of showing coincident Lyα and C IV absorption.
Our analysis of PKS1302-102 has identified nine metalline systems showing a diverse set of characteristics, and we might expect, therefore, them to arise in a range of galactic environments. We have obtained spectra of objects in the field surrounding PKS1302-102 using the WFCCD camera on the 100
′′ Dupont telescope at Las Campanas Observatory during UT 2001 UT -04-16 to 2001 Table 8 ). We refer the reader to Prochaska et al. (2006) for details of the imaging and spectral data reduction and analysis procedures. The survey of the PKS1302-102 field is 95% complete within 5 ′ and 70% within 10 ′ to the limiting magnitude R ≈ 19.5. We have redshift information for 82 galaxies in the PKS1302-102 field, 64 of which are at z gal < z QSO . At the highest redshifts z abs ≈ 0.25, the survey covers a physical radius of ≈ 3 Mpc but not to faint intrinsic magnitudes (L ≈ L * ).
13 For the lowest redshift absorbers (z < 0.02), we do not have the coverage to comment on large-scale structures (ρ ≈ 1-3 h −1
75 Mpc) as in e.g., Penton et al. (2002) and Prochaska et al. (2006) . For example, the field-of-view covers only ρ 25 kpc around the C III system z abs = 0.00438, an absorber that is likely affiliated with the Virgo cluster. Table 9 lists 14 the galaxies are associated with the IGM systems by δv gal ≡ c(z abs − z gal )/(1 + z abs ) ≤ 1000 km s −1 . The velocity constraint comfortably covers the peculiar velocities expected for large-scale structures. In Figure 22 , we show a histogram of the galaxy redshifts for the field surrounding PKS1302-102 and, in Figure 24 , the impact distribution of galaxies with |δv gal | < 1000 km s −1 from a metal-line system. Although an exact comparison of galaxy-absorber correlations cannot be performed between systems because the survey varies in field-of-view and depth with redshift, it is evident that the metal-line systems arise in a diverse set of galactic environments. For example, the partial LLS at z = 0.0949 is associated with a group of galaxies and quite likely is found within the halo of a L ≈ 0.2 L * galaxy at ρ ≈ 65 h −1 75 kpc. In contrast, the O VI absorber at z = 0.0646 is at least 300 h −1 75 kpc away from any galaxy with L > 0.01 L * and one identifies no obvious large scale-structure at this redshift. Let us now turn to discuss a few of these absorbers in greater detail.
There are three groups of metal-line absorbers with |δv abs | < 500 km s −1 at z abs ≈ 0.094, 0.192, and 0.225. These groups may represent filamentary structures where the H I and metal-line absorption arise in the gas between the galaxies populating this large-scale structure (Bowen et al. 2002) . The z abs ≈ 0.094 group has ten detected galaxies with 65 < ρ < 800 h −1 75 kpc and 0.1 < L/L * < 6. The brightest galaxy is at δv gal = −259 km s −1 from the partial Lyman-limit system z abs = 0.09487, with ρ = 331 h −1 75 kpc. Both absorption systems near z abs ≈ 0.094 have C III absorption, and the partial LLS has Si III and a broad O VI doublet. Chen et al. (2001a) have found 13 In this paper, we assume a Hubble constant H 0 = 75 h 75 km s −1 Mpc −1 and the absolute magnitude for L * at z = 0 is M R = −21.04 (Blanton et al. 2003 ). This value is one magnitude fainter than the value used in Prochaska et al. (2006) .
14 See also http://www.ucolick.org/∼xavier/WFCCDOVI/ that C IV absorption is strongly correlated with galaxies with δv gal < 250 km s −1 and ρ < 100 h −1 75 kpc. We have searched for such absorption associated with the galaxy at z = 0.09358 with ρ = 65 h −1 75 kpc but unfortunately this places the doublet in the high-wavelength, low-sensitivity end of the STIS E140M spectrum. We can place an upper limit on the absorption: log N(C +3 ) < 13.5. Given the small impact parameter of this galaxy to the PKS1302-102 sightline, we tentatively associate this galaxy with the partial LLS at z = 0.09487. This association is challenged by the observed velocity offset δv gal = −354 km s −1 ; an association would require the gas to have a large inflow/outflow.
The group at z abs ≈ 0.192 has a strong H I Lyman absorber with C III, O VI 1031, and marginal Si III absorption and two Lyα systems with log N HI > 13.8. There are four detected galaxies in this group, with 200 < ρ ≤ 520 h 0.05 L * ) is closer in δv gal and impact parameter, while the opposite is true for the other O VI absorber. In addition, the two galaxies around z abs = 0.06471 have larger ρ than the galaxies near z abs = 0.04222. Since the z abs = 0.06471 O VI system has lower log N HI and log N(O +5 ), it may probe the extended halos of the nearby galaxies. The z abs = 0.04222 system, with O VI and C III, probably probes a multi-phase medium closer to the galaxies. Stocke et al. (2006) report that O VI systems with no C III absorption have larger nearest-galaxy distances than systems with both lines detected.
There are four galaxies surrounding the z abs = 0.14533 absorber with δv gal < 500 km s −1 and 0.4 < L/L * < 2.5, suggesting the gas arises in an intra-group medium (Mulchaey et al. 1996) . However, one of these galaxies has a very small velocity offset and impact parameter (δv gal = −7 km s −1 and ρ = 82 h −1 75 kpc) and may host the broad H I and C III absorption. As for the other strong Lyα absorbers, there are surrounding galaxies with δv gal < 1000 km s −1 , except for z abs = 0.16935 and 0.22457. However, no one bright and close galaxy appears as the source of the gas. The z abs = 0.16935 Lyα absorber is obviously multi-component with no galaxies with δv gal < 1000 km s −1 and brighter than R = 19.5 mag. The z abs = 0.22457 Lyα absorber is δv gal < 750 km s −1 from the metal-line systems at z abs ≈ 0.225 and is probably associated.
It is illustrative to compare the galaxy-absorber connection by examining the properties of the 'nearest' galaxy to each absorber and a characteristic of the largescale structure. Before proceeding, however, we wish to caution that the nearest galaxy in this context corresponds to the galaxy with smallest impact parameter that (i) has |δv gal | < 1000 km s −1 and (ii) is brighter than the magnitude limit. In many cases, there may be no direct physical association between the galaxy and the absorber. Figure 24 presents the impact parameter ρ min , luminosity L min , and spectral coefficient E C of the galaxy at closest impact parameter to all of the absorbers with N HI > 10 14 cm −2 along the sightlines to PKS0405-123 (Prochaska et al. 2004 ) and PKS1302-102 (this paper). In addition, the lower-right panel shows the number of galaxies with L > 0.1 L * , ρ < 5 Mpc, and -Impact parameter (ρ min ), luminosity (L min ), and spectral coefficient (E C ) of the closest galaxy with L > 0.1 L * , ρ < 5 Mpc, and |δv gal | < 1000 km s −1 for the absorbers with N HI > 10 14 cm −2 at z abs < 0.2 along the sightlines to PKS0405-123 (red) and PKS1302-102 (blue). The point types distinguish between metal-line systems (plus signs) and absorbers that only show Lyα absorption (crosses). There appears to be a trend toward lower ρ min values for higher N HI value of the absorbers. (Note: in the current work, the absolute magnitude for L * at z = 0 is one magnitude fainter than that used in Prochaska et al. (2006) .) |δv gal | < 1000 km s −1 with respect to the absorber. In terms of the impact parameter, one notes a qualitative trend of decreasing ρ min with increasing N HI that suggests a physical association between individual galaxies and absorbers for N HI 10 14.5 cm −2 (see also Chen et al. 2005) . At lower column densities (N HI 10 14 cm −2 ), there is no discernible trend (for Lyα-only or metal-line systems) which suggests these absorbers are predominantly associated with large-scale structures (e.g., intragroup material, filamentary structures).
If this qualitative picture is correct, one may comment on the luminosities of the galaxies hosting absorbers. Based on the systems with ρ min < 100 h −1 75 kpc, all of the galaxies are sub-L * although we note that the partial LLS at z = 0.16 toward PKS0405-123 also shows an approximately 2L * galaxy at ρ < 100 h −1 75 kpc (Spinrad et al. 1993 ). Of particular interest to examining the en-richment history of the IGM is to study the luminosity function of galaxies dominating such absorbers. We will address these issues in greater depth in a future paper summarizing our full set of galaxy surveys. Lastly, we comment that the average n gal value may rise with N HI but that there is apparently significant scatter in this crude measure of galactic environment.
DISCUSSION
We have presented the reduction and analysis of archival HST /STIS and FUSE UV spectra of the lowredshift quasar PKS1302-102 (z QSO = 0.2784). We have identified 90% of the potential Lyα features in STIS and > 85% of the features in FUSE with > 4σ significance and FWHM = 20 km s −1 and 40 km s −1 , respectively . We also performed a blind search for doublets without Lyα absorption; there were no such systems in the PKS1302-102 spectra. There are 28 Lyα systems; 15 are strong absorbers with log N HI > 14. Of those strong systems, eight are metal-line systems: four with C III only, two with C III and O VI absorption, and two tentative O VIonly systems (see Table 10 ). There is also a tentative O VI absorber with log N HI = 13.1 at z abs = 0.22752.
The unblocked redshift path length ∆z for detecting Lyα, C III, or the O VI doublet was measured for regions where the W r ≥ 50 mÅ absorption line(s) could be detected to > 3σ significance, excluding regions blocked by Galactic or IGM lines and within 1500 km s −1 of PKS1302-102 (z QSO = 0.2784). We quote the 68% confidence limits assuming Poisson statistics. With 28 Lyα absorbers and ∆z = 0.236, dN Lyα /dz = 118 +14 −12 , which is consistent with other comparable published values, dN Lyα /dz 100 for W r ≥ 50 mÅ (e.g., Tripp et al. 1998; Penton et al. 2000) . Similar to other published values (e.g., Richter et al. 2004; Prochaska et al. 2004; Danforth & Shull 2005) , we derive dN OVI /dz = 7 +9 −4 for the one doublet with both lines detected at 3σ and with W r > 50 mÅ for ∆z = 0.152. On the other hand, we measure dN CIII /dz = 36 +13 −9 from the five detections with W r > 50 mÅ over ∆z = 0.138. For their entire sample, DSRS06 measure dN CIII /dz = 12 +3 −2 . We agree with DSRS06 on the number of O VI and C III absorbers in the PKS1302-102 sightline; the difference in redshift density for these species is likely due to fluctuations between sightlines.
The four systems with only one metal line are modeled well by a single-phase absorber with [M/H] ≈ −1, the currently favored value for N HI > 10 14 cm −2 absorbers in the low-z IGM (Prochaska et al. 2004; Danforth et al. 2006) . The z abs = 0.00438, 0.09400, and 0.19161 systems are likely photoionized media. The z abs = 0.14533 system may also be photoionized or collisionally ionized, assuming the Lyα width is due to all thermal broadening.
With only an upper limit on C III absorption, the z abs = 0.06471 O VI system could be reasonably modeled by either a photoionized or collisionally-ionized medium. If the latter, the temperature is constrained to be T > 2.2 × 10 5 K, which could be a probe of the WHIM. The z abs = 0.22555 O VI system might be a singlephase, collisionally-ionized absorber. No other metal lines were detected with the tentative O VI absorber at z abs = 0.22752, and no CLOUDY models were evaluated.
For the remaining two multiple metal-line systems, based primarily on kinematic arguments, they are better modeled by a multi-phase medium. In the case of the z abs = 0.04222 system, both C III and O VI are narrow but offset in by 50 km s −1 ; this system could be a twophase photoionized medium with [M/H] ≈ −2 to −1. On the other hand, O VI in the z abs = 0.09487 system is broad, implying a high temperature, while C III and Si III are narrow. Likely, the broad feature is due to a collisionally-ionized phase, and the narrow features are from a photoionized phase. The system has a relatively low metallicity, [M/H] ≈ −2, for the photoionized gas.
The PKS1302-102 sightline has a galaxy survey complement. The survey gives compelling evidence that the metal-line absorption occurs in a diverse set of galactic environments. This includes a likely association with individual galactic halos (z abs = 0.09487, 0.14253), galaxy groups (z abs = 0.094, 0.192, 0.225) and relatively poor environments (z abs = 0.06471). The survey does not cover significant area at z abs = 0.00438, the ninth metal-line system, but the sight line is known to pass through the Virgo cluster at this redshift.
None of the four O VI absorbers detected in the PKS1302-102 spectra definitively trace the warm-hot intergalactic medium, which is defined to be collisionallyionized gas at T ≈ 10 5 -10 7 K. The systems at z abs = 0.06471 and 0.22555 may, though a firm conclusion is difficult to draw. In agreement with previous analysis (Prochaska et al. 2004; Richter et al. 2004 ), we find O VI absorption in a multi-phase medium. The two systems with at least O VI and C III must be multi-phase since C IV is not detected and the line profiles show different kinematic structure. However, these systems do not necessarily probe the WHIM, as seen in hydrodynamic simulations. The metal-line systems appear to probe the predominantly single-phase, photoionized intergalactic medium at low redshift.
From 28 intergalactic absorption systems in one sightline, simple CLOUDY models, and a modest galaxy survey, we looked for qualitative relationships between the various systems and between the systems' environments. Roughly, one-third of Lyα absorbers also have metalline absorption. Two of five O VI absorbers are clearly in multi-phase media. However, only one of the four has strong evidence for being collisionally ionized and a potential WHIM candidate. The strong log N HI > 14 systems tend to be near galaxies (|δv gal | < 1000 km s The current study was funded by FUSE grant NAG5-12496.
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